between BMI and sickness presenteeism. 3 By Japanese law, medical insurers including companies and health insurance associations are obligated to provide health checkup and guidance to people aged 40-75 in order to prevent lifestyle diseases caused by metabolic syndrome. Another law requires employers to "make efforts" to provide health guidance to employees who need to improve their health behaviors after health checkup. Thus, people under 40 tend to have few opportunities to receive health guidance. Previous studies have shown that early adulthood adiposity and weight gain after age 20 contribute to the development of chronic diseases in middle and advanced age. [4] [5] [6] It is important to support weight reduction among young people with obesity, as the rate of overweight and obesity increases with age. 2 In particular, Japanese men's obesity rate is higher than that of women. 2 Healthcare providers must foster lifestyle changes by providing clients with effective, user-friendly health management tools that are reinforced with effective support. Studies on Internet-based weight-loss interventions have increased in recent years. Internet-based interventions are efficiently disseminated and produce significantly greater weight loss than traditional (offline) health guidance. [7] [8] [9] Several studies report that Internet intervention produces significantly more weight loss with additional human support than without it. [9] [10] [11] [12] [13] [14] [15] Studies have shown no significant differences in weight reduction between face-to-face and remote (eg, online) support. [16] [17] [18] [19] Additionally, the frequency of human support has been inconsistent across studies, making the optimal frequency unclear. Few studies have compared the effects of different aspects of human support. 7, 20 One group who received additional nutrition psychoeducation and human support showed significantly reduced weight compared to the group participated in motivational interviews during a 12-week Internet-based intervention. 7 Another 12-week study reported that directive support (eg, prescriptive, protocol driven) was more beneficial to women and nondirective support (eg, collaborative, flexible) to men. 20 Effective human support may differ by gender, but the optimal support to add to Internet-based weight-loss intervention remains unclear. The theoretical model of Supportive Accountability (SA) was developed to enhance adherence to Internet-based intervention 21 and effectively boosts clients' engagement in interventions. 22, 23 However, few studies have assessed the effectiveness of SA in healthcare interventions. 24, 25 One study assessed weight-loss differences between an Internet-only group and an intervention group that received Internet support plus two sessions of SA telephone support. 25 No differences in weight reduction were found between the Internet-only and intervention groups; however, within the intervention group, the participants who received telephone support reduced weight significantly more than those who did not. It is important to improve patients' engagement in human support-based intervention to enhance its effectiveness. Thus, we provided human support through face-to-face group sessions, along with telephone, and email support. This study assessed the effectiveness of SA-based human support through different modalities and at different frequencies. This study examines the effects of two weight-loss programs for Japanese male workers between the ages of 18 and 39 in various occupations that combined different intensities of human support along with website support, compared to those in a delayed-intervention group (control group; CG). We hypothesized that there would be significant differences among the three programs, particularly that CG participants would lose significantly less weight than the participants of the other groups.
| SUBJECTS AND METHODS
We conducted a randomized controlled trial to assess the effectiveness of the 12-week weight-loss program, which combined the website with human support for male workers aged 18-39 with obesity. The Standard Support Group (SSG) received website-based support through two sessions of face-to-face group guidance, at the beginning and end of the program, and monthly emails that were sent to all participants. The Enhanced Support Group (ESG) received four sessions of individualized remote support in addition to the SSG program. The CG was asked to wait during the ESG and SSG programs and received the same program as SSG after completion of the ESG and SSG programs.
The research design was approved by the ethical review committee at Nagoya University. We obtained written informed consent from all participants. Participants received no financial incentive. The study protocol was registered on UMIN Clinical Trials Registry (UMIN-CTR000023809).
| Recruitment and participants
Participants were recruited from two urban areas in western Japan. We invited male workers in private companies and local government agencies that had approved the research. Those eligible interested applicants were identified by email or phone. Inclusion criteria were being between 18 and 39 years old, having a BMI ≧ 25, permission from a primary doctor if diagnosed with a lifestyle disease or orthopedic disorder, Internet access, and the ability to self-weigh at home to monitor progress. Exclusion criteria were surgery within the past 6 months, severe psychiatric problems, and participation in other weight loss or other health-related programs during this intervention.
Recruitment was conducted from April to June 2017 in one area and August to October 2017 in the other. We calculated sample size using G*Power 3. 26, 27 We found that 158 participants were needed to detect an effect size of 0.25 (medium effect) with 0.8 power (α = 0.05).
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| Randomization, allocation concealment, and blinding
Eligible participants were randomized into the ESG, SSG, or CG groups. They were stratified by BMI (BMI < 30 kg/ m 2 , BMI ≧ 30 kg/m 2 ) and divided into three blocks through computer-generated random numbers. Participants complete questionnaires to assess outcomes following treatment. Treatment was allocated by the first author; the process and methods of allocation were concealed from participants, who were blinded to differences among the programs. Participants in the CG were told they were assigned to the second round of the program and were asked to wait until that round started. It was impossible to blind the researchers to the treatment allocation, but the evaluators who measured weight, waist circumference, and body fat were blinded.
| Interventions

| Website components
The website developed for this study included information on lifestyle improvement methods, goal setting for weight loss and behavioral change, and self-monitoring tools. Items included 13 on diet (eg, eating meals regularly every day), two on physical activities (eg, walking more than 8000 steps per day), and two on drinking behavior (eg, drinking less than 20 mg alcohol on average per day), based on current Japanese health guidelines. These items were meant to support male workers aged 18-39 in goal setting. The website included graphing functionality to visualize participants' weight change and progress toward goals, and provided tips regarding behavioral change for weight loss. Figure 1 shows the construction of the treatment programs. At the beginning of the 12-week program, SSG was provided with two hours' group guidance. These participants received a one-hour lesson on causes of obesity, methods of behavioral change for weight loss, benefits of self-monitoring, and using self-monitoring tools. Then, body weight, waist circumference, and body fat were measured, and they set weight-loss goals based on the guideline of 3% weight loss from baseline weight recommended by the Japan Society for the Study of Obesity. 28 Participants calculated the needed energy-intake reduction over the course of the program to meet their weight-loss goals and were given a calorie book. Next, the participants set goals for lifestyle improvement, with reference to the website, and considered their motivation for losing weight. Then, they were given 10 minutes' of one-on-one advice to confirm whether they could properly set goals for weight loss and lifestyle improvement.
| Standard Support Group
During the 12-week program, the participants were encouraged to enter their body weight and degree of achievement of goal items for lifestyle improvement daily using the online self-monitoring tools. The provider (see below) sent all participants an identical email once a month to encourage them to continue behavioral change and self-monitoring to work toward their set goals.
At the program's conclusion, the participants received 90 minutes of group guidance. The lesson included 30-minute on methods of preventing rebound weight gain. Their body weight, waist circumference, and body fat were again measured, and they received feedback about their degree of weight-loss and behavioral change achievement. They also completed the questions from the baseline survey for outcome assessment. Finally, they set goals for further weight loss and lifestyle improvement after 6 months and were given individual advice on reaching those goals by the provider.
Some researchers, who were licensed nurses, provided ongoing support to the participants as providers.
| Enhanced Support Group
ESG received the same content as SSG, along with a 20-minute small-group (4-5 participant) session after the program, and two sessions of large-group guidance. In addition, ESG received four sessions of remote support during the 12-week program. The first remote support session was a 10-minute telephone session in the second week, the time the participant preferred. The other three sessions were email support at the 5th, 7th, and 10th weeks. All the support sessions were conducted based on previous research and SA. 18, 21 In the initial small-group session, the provider explained her role monitoring participants' achievement and providing support when solving obstacles. She also praised participants for setting their own goals. The participants talked about their goals, their motivation for trying to lose weight, what they wanted to do once they succeeded, and their concerns about achieving their goals and using the website. During telephone and email support, the provider praised participants for what they had changed and achieved, and encouraged them to think about the causes of their problems and strategies to address them. All human support in the ESG were provided by the first author to maintain consistency and foster trust.
| Control Group
The participants in the CG received the same program as SSG, after the other groups had finished. The participants completed questionnaires for assessment at the same time as SSG and ESG.
| Outcome measures
The study's primary outcome was change in absolute body weight. Secondary outcomes were BMI, percent weight loss, waist circumference, rate of body fat, physical activity, energy intake, self-efficacy, and self-monitoring. All outcomes were assessed at baseline and at the 12th week. Body weight and body fat were measured on a calibrated scale (Tanita DC430). CG participants reported their homemeasured body weight; data on body fat and waist circumference were not collected for this group.
Energy intake was measured by a brief self-administered Diet History Questionnaire (BDHQ), 29, 30 which included 56-items on energy and nutrient intake during the previous month. Reliability and validity were assessed in a validation study.
29,30
The self-reported International Physical Activity Questionnaire (IPAQ) Long Form, Japanese Version measured physical activity. 31 This scale includes 27 items which assess time, and amount of high-intensity and moderate-intensity physical activity during the week. Reliability and validity were assessed in validation studies. 31, 32 Self-efficacy was measured by the Modified Perceived Health Competence Scale (PHCS), Japanese Version, 33 which measures domain-specific self-efficacy. This scale includes eight items, with a total score of 8-40; a higher score means higher self-efficacy.
Self-monitoring was measured using the self-monitoring tools on the website over the 12 weeks. The number of times body weight and achievement of goal items were entered was counted.
| Statistical analyses
Differences in baseline data between groups were analyzed using a one-way analysis of variance (ANOVA) for continuous variables and a chi-squared test for nominal variables.
We compared the group (intervention) effects using the principle of intention-to-treat (ITT), carrying baseline data forward for missing data at the 12th week. The analysis set consisted of participants in ESG and SSG who received the allocated interventions and those in CG who completed the questionnaires. Differences in outcome variables between groups were analyzed using an Analysis of Covariance (ANCOVA), with baseline BMI as the covariate, treatment group as the independent variable, and outcome variables as the dependent variables. Post-hoc analyses were performed using Bonferroni Adjustment. Partial eta-squared (η 2 p ) was calculated for effect size. We also analyzed differences in outcome variables (except number of times self-monitoring) between groups, using data of participants who completed the 12-week assessment, with ANOVA. Post-hoc analyses were performed using the Tukey HSD test. We compared the rate of participants achieving 3% weight loss from baseline weight between groups using a logistic regression analysis.
Correlation analysis was used to assess the correlation between number of times self-monitoring and weight change.
Statistical analyses were performed using SPSS 22.0. Statistical significant was set at P < 0.05. Figure 2 shows a flow chart of participant attrition. Eighty participants were allocated across the three groups: 25 to ESG, 27 to SSG, and 28 to CG. We excluded one participant in ESG and two in SSG who did not receive the allocated intervention, as well as six in CG who did not complete the questionnaire. There were no differences in age or BMI at baseline between excluded and retained participants. Table 2 shows differences in changes from baseline to week 12 based on ITT analysis. Table 3 shows posthoc analysis of the ANCOVA. The group differences in weight loss were significant (P < 0.001, η 2 p = 0.281). Post-hoc analysis of ANCOVA showed that the average weight loss in ESG was significantly greater than that in SSG (P = 0.038) and CG (P < 0.001). The average weight loss in SSG was significantly greater than that in CG (P = 0.033). The group differences in percent weight loss were significant (P < 0.001, η analysis of ANCOVA showed that the average percent weight loss in ESG was significantly greater than that in SSG (P = 0.037) and CG (P < 0.001). The average percent weight loss in SSG was significantly greater than that in CG (P = 0.021). The group differences in BMI were significant (P < 0.001, η 2 p = 0.281). Post-hoc analysis of ANCOVA showed that the average BMI in ESG was significantly greater than that in SSG (P = 0.038) and CG (P < 0.001). The average BMI in SSG was significantly greater than that in CG (P = 0.033). The average waist circumference between ESG and SSG was not significant (P = 0.124, η 2 p = 0.051). The average body fat in ESG tended to be greater than that in SSG (P = 0.063, η 2 p = 0.073), but it was not significant. The results of ANOVA using data of participants who completed the 12-week assessment revealed that group differences in weight loss were significant (P < 0.001) with those in the ESG and SSG groups showing significantly greater weight loss than those in the CG (P < 0.001, P = 0.010, respectively). There was a non-significant trend between ESG and SSG (P = 0.074). Similarly, average percent weight loss in ESG and SSG was significantly greater than that in CG (P < 0.001, P = 0.007, respectively), and a non-significant trend between ESG and SSG (P = 0.060) was noted. Similarly, average BMI in ESG and SSG was significantly greater than that in CG (P < 0.001, P = 0.009, respectively), and BMI showed a non-significant trend between ESG and SSG (P = 0.078). Average waist circumference difference between ESG and SSG was not significant (P = 0.204). Similarly, average body fat difference between ESG and SSG was not significant (P = 0.063; Supplementary Tables 1 and 2 ).
| RESULTS
| Recruitment and attrition
| Characteristics of participants
T A B L E 1 Baseline characteristics
All participants (n = 71) ESG (n = 24) SSG (n = 25) CG (n = 22)
P-value
T A B L E 2
The rate of participants achieving 3% weight loss from baseline weight was higher in ESG than in CG (54.2% vs 4.5%, OR = 25.06, P = 0.004, 95% CI [2.86-219.55]) and the SSG (36.0%, OR = 11.07, P = 0.030, 95% CI [1.26-97.34]).
| Change in other outcomes
As shown in Table 2 , analyses of observed data and ITT analyses on energy intake, energy expenditure, self-efficacy, and number of times self-monitoring indicated a similar pattern.
Group differences in energy intake were not significant (P = 0.675, η 2 p = 0.012).Group differences in energy expenditure were not significant (P = 0.904, η 2 p = 0.003). Group differences in self-efficacy were not significant (P = 0.106, η 2 p = 0.065). The number of self-monitoring participants in ESG tend to be higher than in SSG; however, there were no significant differences in average number of times self-monitoring between ESG and SSG (P = 0.165, η 2 p = 0.041).
| Correlation between selfmonitoring and weight loss
Correlation analysis revealed that frequency of times selfmonitoring was significantly associated with weight loss (r = −0.49, P < 0.001) in both intervention groups; significant (r = −0.56, P = 0.005) in ESG alone; and non-significant (r = −0.40, P = 0.050) in SSG alone.
| DISCUSSION
We examined the effects of two weight-loss programs for male workers aged 18-39 that combined different intensities of human support with a website, compared to a CG. SSG was provided website support with face-to-face group guidance at the beginning and end of the 12-week program, and monthly emails. ESG was given two group sessions and four remote support sessions based on SA in addition to the SSG program. ITT analysis showed that participants lost weight: 3.71 kg (SE 0.59) in ESG, 1.61 kg (SE 0.58) in SSG. Previous studies with Japanese participants whose mean ages in their 50s reported similar weight loss in the intervention groups. [34] [35] [36] In this study, ESG participants lost significantly more weight than the SSG and CG, and SSG participants lost significantly more than CG. The additional human support in the ESG program had the greatest effectiveness for weight loss for several possible reasons. First, this support was explicitly based on SA, which requires the (physical or remote, synchronous or asynchronous) "social presence" of another person. 21 Accountability is also encouraged by relational factors: two-way communication, trustworthiness, benevolence, and expertise; the former two are particular effectively for fostering engagement in Internet-based professional health intervention. 21, 22 Remote support is often effective but can complicate both rapport-building and providers' understanding of clients' problems. Thus, clients may view the provider's trustworthiness and benevolence as low. These strategies in combination mutually reinforce one another to diminish barriers. 21, 23 In the present study, group guidance at the beginning of the 12-week program and the four remote support sessions were provided by one licensed nurse to create and sustain a trusting relationship. Also, the first remote session was conducted by telephone to provide greater social presence than by email. These strategies enabled participants to perceive the provider's trustworthiness and expertise, and improved the effectiveness of human support. Second, human support based on SA may be especially beneficial to male workers. A previous study comparing directive and nondirective human support with Internet support found that nondirective support was more beneficial for men in a 12-week weight-loss program. 20 Another study comparing coach-led and self-directed intervention revealed little difference. 7 Together these results suggest that men may prefer nondirective support when losing weight. In SA-based human support, the client is involved in determining goals and expectation 21 ; however, limiting desired behavior and inducing perfunctory adherence should be minimized. 21 In the present study, we supported participants to choose goals and strategies to address their problems, which appeared beneficial to them. Third, the modality of human support provided was effective. Previous studies reveal that remote support by telephone is as effective as face-to-face support. 15, 16 The telephone facilitates extemporaneous communication as participants can ask questions regarding methods of behavioral change for weight loss. However, telephone support must be convenient for participants, as was the case in this study. In contrast, although previous research has shown that a Web-based selfhelp program did not provide better weight-loss outcomes with email support than without it, 15 email has the advantage of being asynchronous, meaning it can be sent and received at any convenient time. In the present study, we did not ask participants to respond to the emails; therefore, the convenience of email may have reduced the pressure on participants but maintained their interest in achieving their goals. This combination of telephone and email support is also flexible and scalable.
SSG underwent a low-intensity program in person, which also led to significant weight loss. However, there was a significant difference in weight loss between SSG and ESG but no significant difference in number of times self-monitoring. Thus, the initial group guidance and the general monthly emails helped foster adherence to selfmonitoring. In group guidance, participants received information regarding weight-loss strategies and support for goal setting. As for the emails, previous studies reveal that remainder emails facilitate engagement with health programs. 22, 37 In the present study, group guidance and monthly emails were provided by the same provider who monitored participants' achievement, thus personalizing the expectation of adherence and harnessing the trust relationship between participants and provider. Previous research has identified time constraints and increased workload as barriers to Internet-based health intervention with in-person support 38 ; the low-intensity program provided to SSG can address these issues. The programs provided to ESG and SSG have possibilities of reducing the number of people needing health guidance after 40. Providing face-to-face health guidance to workers within the workplace can be challenging. Programs that combined website and in-person remote support have the possibility of being accepted by workers. We suggest providing a program like SSG to workers with overweight who have high motivation to weight loss. In contrast, the ESG program can be provided to workers with obesity who may have difficulty improving their weight loss lifestyle alone.
A limitation of the present study was the number of participants, which fell short of the required sample size calculated. However, there were significant differences in weight loss, percent weight loss, and BMI, and other indicators in ESG compared to SSG. These findings support the effectiveness of ESG intervention. Our difficulty recruiting male workers aged 18 to 39 may have been because this group may not participate in weight-loss programs and thus viewed our program as a low priority. They may prioritize other concernsfor example, spending time with family and pursuing career success-rather than their weight loss. 39 In this study, 71%
of participants rated their health as good. The reason for this may have been a self-perception that they were well enough to work at present and did not imagine that overweight and obesity may be related to future serious disease. It is necessary to educate young male workers about the risks of overweight and obesity and the importance of weight control from an early age. Second, the participants were urban dwellers with high education, and jobs with low physical demands; therefore, the results may not generalize to other male workers with different characteristics. Third, we targeted only male workers, and a corresponding investigation using weight-loss programs designed for women workers is needed. Fourth, we did not assess the intervention's long-term effectiveness or to what degree participants maintained their lowered weight and healthier behavior. Such an assessment is needed. Finally, as the participants were those who were interested in the weight-loss program, this may have biased the sample and enhanced the program's effects. Further research should involve participants without apparent interest in healthcare or weight management.
| CONCLUSIONS
ESG participants lost significantly more weight than SSG and CG participants, while SSG participants lost significantly more weight than CG participants. The additional human support provided to ESG using SA was beneficial for participants. The low-intensity program for SSG was less effective.
Further studies with more participants from diverse settings with a wider range of interest in their health and weight management are needed.
